Appendix A - Tier 1 Table, Assumptions, Equations and Parameter Values

Proposed lowa Tier 1 Look-Up Table

Group 1 Group 2: TEH
Media Exposure Pathway Receptor | Benzene | Toluene Ethylbenzene Xylenes Diesdl* Waste Oil
Groundwater Ingestion actual 5 1,000 700 10,000 1,200 400
potential 290 7,300 3,700 73,000 75,000 40,000
Groundwater Groundwater V apor all 1,540 20,190 46,000 NA 2,200,000 NA
(ug/L) to Enclosed Space
Groundwater to Plastic al 290 7,300 3,700 73,000 75,000 40,000
Water Line
Surface Water all 290 1,000 3,700 73,000 75,000 40,000
Soil Leaching al 0.54 42 15 NA 3,800 NA
to Groundwater
Soil Sail Vapor al 1.16 48 79 NA 47,500 NA
(mg/kg) to Enclosed Space
Soil to Plagtic al 1.8 120 43 NA 10,500 NA
Water Line

NA: Not applicable. There are no limitsfor the chemical for the pathway, because for groundwater pathways the concentration for the designated risk
would be greater than the solubility of the pure chemical in water, and for soil pathways the concentration for the designated risk would be greater than the
soil concentration if pure chemical were present in the soil.

TEH: Total Extractable Hydrocarbons. The TEH vaue is based on risks from naphthalene, benzo(a)pyrene, benz(a)anthracene, and chrysene. Refer to
Appendix B for further details.

Diesd*: Standardsin the Diesel column apply to all low volatile petroleum hydrocarbons except waste oil.

Assumptions Used for lowa Tier 1 Look-Up Table Generation

1. Groundwater ingestion pathway. The maximum contaminant levels (MCLs) were used for Group 1 chemicals. Thetarget risk for carcinogens for
actual receptorsis 10°and for potential receptorsis 10“. A hazard quotient of one, and residential exposure and building parameters are assumed.

2. Groundwater vapor to enclosed space pathway. Residential exposure and residential building parameters are assumed; no inhalation reference dose is
used for benzene; the capillary fringe is assumed to be the source of groundwater vapor; and the hazard quotient is 1 and target risk for carcinogensis
1x10™.

3. Groundwater to plastic water line. This pathway uses the same assumptions as the groundwater ingestion pathway for potential receptors, including a
target risk for carcinogens of 10™.

4. Surfacewater. This pathway uses the same assumptions as the groundwater ingestion pathway for potentia receptors, including atarget risk for
carcinogens of 10, except for toluene which has a chronic level for aguatic life of 1,000 asin the definition for surface water criteriain 567-135.2.

5. Sail leaching to groundwater. This pathway assumes the groundwater will be protected to the same levels as the groundwater ingestion pathway for
potential receptors, using residential exposure and atarget risk for carcinogens of 10™.

6. Soail vapor to enclosed space pathway. The target risk for carcinogens is 1x10™; the hazard quotient is 1; no inhalation reference doseis used for
benzene; residential exposure factors are assumed; and the average of the residential and nonresidential building parameters are assumed.

7. Soil to plastic water line pathway. This pathway uses the soil leaching to groundwater model with nonresidential exposure and atarget risk for
carcinogens of 10™.

In addition to these assumptions, the equations and parameter val ues used to generate the lowa Tier 1 Look-Up Table are described below.
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Groundwater |ngestion Equations
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Soil Vapor to Enclosed Space Equations
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Indoor Air Inhalation Equations
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Variable Definitions
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ground water mixing zone thickness (cm)

areal fraction of cracks in foundation/wall (cm?-cracks/cm?-area)
soil bulk density (g/em?)

volumetric air content in foundation/wall cracks (cm®-air/cm®-soil)
volumetric air content in vadose zone (cm®-air/cm™-soil)

total soil porosity (cm®-voids/cm®-soil)

volumetric water content in foundation/wall cracks (cm®-H,0/cm®-soil)
volumetric water content in vadose zone (cm®-H,0/cm’-soil)
averaging time for carcinogens (years)

averaging time for noncarcinogens (years)

body weight (kg)

chemical diffusion coefficient in air (cm?/s)

chemical diffusion coefficient in water (cm?/s)

effective diffusion coefficient through foundation cracks (cm?/s)

effective diffusion coefficient in soil based on vapor-phase concentration (cm?s)

exposure duration (years)

exposure frequency (days/year)

enclosed space air exchange rate (S7)

fraction organic carbon in the soil (kg-C/kg-soil)

henry’s law constant (L-H,O)/(L-air)

ground water head gradient (cm/cm)

infiltration rate of water through soil (cm/year)

daily indoor inhalation rate (m®/day)

daily water ingestion rate (L/day)

hydraulic conductivity (cm/year)

carbon-water sorption coefficient (L-H,O/kg-C)

soil-water sorption coefficient (L-H,O/kg-s0il), foc X Koe

enclosed space volume/infiltration arearatio (cm)

enclosed space foundation or wall thickness (cm)

leaching factor from soil to groundwater ((mg/L-H,O)/(mg/kg-soil))

depth to groundwater from the enclosed space foundation (cm)

depth to subsurface soil sources from the enclosed space foundation (cm)
Risk-Based Screening Level for indoor air (nMy/m®-air)

Risk-Based Screening Leve for vapor from groundwater to enclosed space air inhaation (mg/L-H;O)
Risk-Based Screening Level for soil leaching to groundwater (mg/kg-soil)
Risk-Based Screening Level for vapors from soil to enclosed space air inhalation
(mg/kg-soil)

Risk-Based Screening Level for ground water ingestion (mg/L-H,0)

inhalation chronic reference dose ((mg/(kg-day))

ord chronic reference dose ((mg/(kg-day))

inhalation cancer sope factor ((kg-day)/mg)

ora cancer dope factor ((kg-day)/mg)

target hazard quotient for individual constituents (unitless)

target excessindividua lifetime cancer risk (unitless)

groundwater Darcy velocity (cm/year), U=Ki

volatilization factor for vapors from ground water to enclosed space ((mg/m®-air)/(mg/L-H,0))
volatilization factor for vapors from soil to enclosed space ((mg/m®-air)/(mg/kg-soil))
width of soil source areaparallel to groundwater flow direction (cm)
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Soil and Groundwater Parameter Values Used for lowa Tier 1 Table Generation

Parameter lowaTier 1 Teble Vaue

K hydraulic conductivity 16060 cm/year

i ground water head gradient 0.01 cm/cm

W width of soil source areaparallel to groundwater flow direction 1500 cm

[ infiltration rate of water through soil 7 cmlyear

d ground water mixing zone thickness 200 cm

re soil bulk density 1.86 g/om®

O volumetric air content in vadose zone 0.2 cm®-air/cm®-soil

s volumetric water content in vadose zone 0.1 cm®-H,0/cm’-soil

Quraxe | VOlUMetric air content in foundation/wall cracks 0.2 cm®-air/cm®-soil

Qo | VOlUMetric water content in foundation/wall cracks 0.1 cm®-H,0/cm’-soil

O total soil porosity 0.3 cm*-voids'em®-soil

foo fraction organic carbon in the soil 0.01 kg-C/kg-sail

L depth to subsurface soil sources from the enclosed space foundation 1cm

Lgw depth to groundwater from the enclosed space foundation lcm

Exposure Factors Used in lowa Tier 1 Table Generation

Parameter Residential Nonresidential
AT, (years) averaging time for carcinogens 70 70
AT, (years) averaging time for noncarcinogens 30 25
BW (kg) body weight 70 70
ED (years) exposure duration 30 25
EF (days/year) exposure frequency 350 250
IR (M*/day) daily indoor inhalation rate 15 20
IR, (L/day) daily water ingestion rate 2 1
THQ (unitless) target hazard quotient for individual constituents 1.0 1.0
Building Parameters Used in lowa Tier 1 Table Generation

Parameter Residential Nonresidential
ER (s enclosed space air exchange rate 0.00014 0.00023
Lg (cm) enclosed space volume/infiltration arearatio 200 300

L grack (€M) enclosed space foundation or wall thickness 15 15

h aredl fraction of cracks in foundation/wall 0.01 0.01

Chemical-Specific Parameter Values Used for lowa Tier 1 Table Generation

Chemical D% (cm?/s) D™ (cm?ls) H (L-air/L-water) log(Koo), L/kg
Benzene 0.093 lle5 0.22 1.58
Toluene 0.085 9.4e-6 0.26 2.13
Ethylbenzene 0.076 8.5e-6 0.32 1.98
Xylenes 0.072 8.5e-6 0.29 2.38
Naphthalene 0.072 9.4e-6 0.049 311
Benzo(a)pyrene 0.050 5.8e-6 5.8e-8 5.59
Benz(a)anthracene 0.05 9.0e-6 5.74e-7 6.14
Chrysene 0.025 6.2e-6 4.9e-7 5.30

Saturation Vaues Used to Determine “NA” for the lowa Tier 1 Table

Chemical

Solubility in Water (mg/L)
S

Saturation in Soil (mg/kg)
C sat
S
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Benzene 1,750 801
Toluene 535 765
Ethylbenzene 152 159
Xylenes 198 492
Naphthalene 31 401
Benzo(a)pyrene 0.0012 4.69
Benz(a)anthracene 0.014 193.3
Chrysene 0.0028 5.59

The maximum solubility of the pure chemical in water islisted in the table above. The equation below is used to calculate the soil concentration (C™) at
which dissolved pore-water and vapor phases become saturated. Tier 1 default values are used in the equation. “NA” (for not
applicable) is used in the Tier 1 table when the risk-based value exceeds maximum solubility for water (S) or maximum saturation

for soil (C).

Cs™(mg/kg-soil) = ST s X (HCas + Gus + Ks T s )

Slope Factors and Reference Doses Used for lowa Tier 1 Table Generation

Chemical SF ((kg-day)/mg) SF, ((kg-day)/mg) RfD: (mg/(kg-day)) RfD. (mg/(kg-day))
Benzene 0.029 00299 | -

Toluene 0.114 0.2

Ethylbenzene 0.286 0.1

Xylenes 2.0 2.0

Naphthalene 0.004 0.004
Benzo(a)pyrene 6.1 7.3
Benz(a)anthracene 0.61 0.73

Chrysene 0.061 0.073
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